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In the past years, gene detection based on DNA hybridization ' for use in clinical analysis 2-4 , environmental monitoring 5, and so on, has become a research area of great interest. However, the traditional methods, radioisotope technologies, were not applicable to a routine environment owing to the radioisotopic contaminants.Various novel techniques, such as non-radioactive labeling 6°', the polymerase chain reaction (PCR) 8 have been developed to replace traditional methods. However, the cost of the techniques are too high to be applied widely, Recently, DNA sensors 9'12, novel techniques for detecting DNA specific sequence, are developed quickly due to its great promise for rapid and lowcost DNA detection. Generally, the first step of the techniques is the immobilization of a single-stranded DNA (ssDNA) probe onto the electrochemical, optical 13 or acoustic transducers 14. Then, the ssDNA immobilized ssDNA recognizes the complementary in a sample solution and hybridization happens at the same time. Finally, the signal of hybridization is converted into an electrical signal by special transducer.
In all DNA sensors, the voltammetric DNA sensor (40 ml) and 1,10-phenanthroline hydrate (5.0 g) in methanol (5 ml) was set to reflux for 30 min with Br2 water (20 ml). Then HC104 (70%, 20 ml) was added to the hot solution. The suspension was cooled (ice) and the product was recrystallised twice from hot water. Analytical reagent grade cobalt(II) chloride, bromide, perchloric and hydrochloric acids, citrate, sodium chloride, NaH2P04, Na2HP04 and urea were used as received. The water used for all solutions was purified using a four-filter Milli-Q System and had a final resistivity of 18.2 Me/cm.
Apparatus
Cyclic voltammetry was performed with a CHI 660 Electrochemical Workstation (USA), in three electrodes cell using glassy carbon (4 mm inner diameter) as working electrode, saturated calomel electrode (SCE) as reference electrode and a platinum wire coil (0.8 mm diameter) as auxiliary electrode. The glassy carbon (GC) working electrode was mechanically polished successively with a-A1203 powder of 1.0, 0.3 and 0.05 pm and washed with double-distilled water in an ultrasonic water bath prior to use.
Preparation of PPy/GC electrode
Polypyrrole film modified electrode was prepared by cyclic voltammetry (CV) ( -0.2 0.7 V ) electrooxidizing an unstirred aqueous solution of 0.1 mol/L pyrrole containing 0.1 mollL NaCI as electrolyte in a 0.02 mol/L phosphate buffer (pH 7.0). Thickness of PPy film was controlled by the charge consumed during electrolysis.
Immobilization of DNA Adding 1 µl hydrochloric acid (1 mol/L) into 1 ml DNA solution containing CT DNA (0.5 1.0 mg/mL) and NaCI (0.1 mol/L) to keep the solution acidic; then, the PPy/GC electrode was immersed into the DNA solution for several minutes, and gentlely washing the DNA/PPy/GC electrode for 30 s with a 0.02 mol/L NaCI, 0.02 mol/L phosphate buffer (pH 7.0) to wash off non-adsorbed DNA.
The surface was rinsed carefully with a 0.02 mol/L NaCI and 0.02 mol/L phosphate buffer (pH 7.0) for a short time (5 s) prior to each medium exchange. Successive measurements were carried out by renewing the surface and repeating the above procedure (using a new solution). All data were obtained at room temperature (17 ± 2 °C).
Results and Discussion
The fact that the bare smoothing GC electrode surface does not adsorb DNA in a solution had been demonstrated by Mikkelsen " and our experiments.
To detect DNA at GC electrode, we modified a layer of PPy film on GC as a medium to adsorb DNA molecules.
PPy is a kind of conducting polymer material and its characteristics has been well studied [20] [21] [22] [23] [24] PPy on electrode surface forms three - µA respectively, the difference of the peak currents (Air) is 0.98 µA; further, after more than 20 cycles, the peak currents do not change (not shown). These data demonstrate that DNA molecule had been adsorbed on PPy film surface stably by electrostatic interaction and Co(phen)33+ had been concentrated around the DNA molecule by intercalation and static electricity. Figure 1 B shows the difference between adsorbed and non-adsorbed ssDNA on PPy film. The difference of the peak currents (dip) is 0.10 µA, which is much lower than dsDNA. The result suggests that the adsorption of Co(phen)33+ onto ssDNA molecule by static electricity was weak compared to intercalation. Overall, the difference between results of ssDNA and dsDNA indicates that the GC electrode modified by PPy film can be used as a substrate electrode to distinguish between ssDNA and dsDNA. is wider than that in figure 1A . The result suggests that thicker PPy film is not suitable to detect DNA. Table 1 
The influence of pH
The pH of the solution containing DNA drastically influences the adsorption of DNA molecule onto PPy film surface. Figure 3 shows that the Dip increases quickly as pH decreases. The result suggests that the quantity of the surface charge of PPy film has a functional relation with pH. The relation may be explained by the following reaction The influence of DNA adsorbing time Figure 4 shows the time curve of DNA adsorption. In the first one minute, the Aip increases rapidly; after one minute, the Dip keeps stable. The result suggests that the adsorption of DNA molecules onto PPy film surface is controlled by dynamics and the DNA adsorption reaches saturation in one minute. Once the surface is saturated by DNA, the DNA molecules would repulse the other non-adsorbed DNA molecules by electrostatic interaction, as a result, the other molecules can not be adsorbed onto PPy film surface any more.
The influence of urea and heating
The drastically denatured conditions, urea and heating, destroy the PPy/DNA/GC electrode in different extents. The PPy film was destructed partly 
